Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death in the United States and in the world (1, 29, 39). The course of COPD is characterized by intermittent exacerbations of the disease, and many of these exacerbations are caused by bacterial infection (35). Bacterial infection of the respiratory tract is associated with substantial morbidity and mortality in adults with COPD, and strategies to prevent these infections would have an important impact on the course of the disease (27). One such strategy is the development of vaccines. Elucidating human immune responses to bacteria which cause exacerbations of COPD will serve as a guide for the development of vaccines to prevent bacterial infection in patients with COPD.
Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death in the United States and in the world (1, 29, 39) . The course of COPD is characterized by intermittent exacerbations of the disease, and many of these exacerbations are caused by bacterial infection (35) . Bacterial infection of the respiratory tract is associated with substantial morbidity and mortality in adults with COPD, and strategies to prevent these infections would have an important impact on the course of the disease (27) . One such strategy is the development of vaccines. Elucidating human immune responses to bacteria which cause exacerbations of COPD will serve as a guide for the development of vaccines to prevent bacterial infection in patients with COPD.
Several lines of evidence implicate Moraxella catarrhalis as an important cause of exacerbations of COPD. (i) A subset of patients with exacerbations have sputum smears which show a predominance of gram-negative diplococci on Gram staining and yield nearly pure cultures of M. catarrhalis (6, 22, 30) . (ii) Pure cultures of M. catarrhalis are recovered from samples collected from patients experiencing exacerbations by using methods which reliably reflect lower airway bacteriology (13, 14, 23, 31, 38, 40) . (iii) Clinical improvement following administration of specific antibiotic therapy is seen in patients with exacerbations and sputum cultures which are positive for M. catarrhalis (22, 30) . (iv) The development of new antibodies to the homologous patient-infecting isolate of M. catarrhalis occurs following exacerbations (2, 6) . (v) Increased airway inflammation is associated with the isolation of M. catarrhalis from the sputum of patients experiencing exacerbations of COPD (17, 36) . (vi) A prospective study of COPD found that acquisition of a strain of M. catarrhalis new to a patient with COPD is strongly associated with the occurrence of an exacerbation (33) . Taken together, these lines of evidence indicate that a proportion of exacerbations of COPD are caused by M. catarrhalis.
Outer membrane protein (OMP) CD is a 45-kDa protein which has been the subject of investigation as a potential vaccine antigen for M. catarrhalis. OMP CD has several characteristics to suggest that it will be an effective vaccine. It is present in all strains of M. catarrhalis and has epitopes that are present on the surface of the intact bacterium (24, 32) . The presence of surface-exposed epitopes suggests that potentially protective antibodies would be able to bind OMP CD on the whole bacterial cell. OMP CD is highly conserved among strains of M. catarrhalis (18, 25) . Three lines of evidence suggest that immunization with OMP CD will induce protective antibodies. First, immunization of experimental animals with OMP CD induces bactericidal antibodies (41) . Second, both mucosal and systemic immunization with recombinant OMP CD enhance pulmonary clearance of M. catarrhalis in a mouse pulmonary challenge model (26) . Finally, the level of serum antibodies to OMP CD in infants and children is inversely correlated with the severity of otitis media with effusion, suggesting that antibodies to OMP CD play a protective role (15) .
In a previous study levels of immunoglobulin to OMP CD were measured in serum and sputum samples from three groups, including 10 healthy adults, 10 adults with COPD who were free of colonization by M. catarrhalis, and 10 adults with COPD who experienced exacerbations due to M. catarrhalis (24) . The concentration of serum immunoglobulin G (IgG) to OMP CD was significantly higher in the COPD group with exacerbations than in the COPD group without colonization and the healthy controls. A clear-cut rise in levels of immuno-globulin to OMP CD was not observed following exacerbation in the 10 patients studied.
The goal of the present study was to characterize more rigorously the human immune response to OMP CD in patients with COPD by studying a large number of patients who experienced episodes of exacerbation or colonization due to M. catarrhalis and by using an enzyme-linked immunosorbent assay (ELISA) designed to detect new antibodies to OMP CD by directly comparing samples from COPD patients before exacerbation with samples from COPD patients after exacerbation. The proportion of human antibodies to CD which are directed at surface-exposed epitopes was elucidated, and the regions of the OMP CD molecule which are targets of human antibodies were studied. Such studies will be important in elucidating the human immune response to M. catarrhalis in adults with COPD and will also contribute to further evaluating OMP CD as a potential vaccine antigen.
MATERIALS AND METHODS

COPD Study
Clinic. All bacterial isolates, serum samples, and sputum supernatants were recovered from adults who were enrolled in the COPD Study Clinic at the Buffalo Veterans Affairs Medical Center. The COPD Study Clinic has been described previously (2, 28, 33) . Briefly, to be included in the study, each patient had to have a significant history of smoking and chronic bronchitis as defined by the American Thoracic Society, i.e., recurrent productive cough on most days for a minimum of 3 months in each of two consecutive years (1) . In addition, the patient had to be willing to attend a monthly study clinic where progress was assessed and sputum and serum samples were collected. Patients with asthma, known bronchiectasis, malignancies, or other immunocompromising illnesses were excluded.
Patients were seen in the study clinic every month and at the time of suspected exacerbations. At each clinic visit, a clinical evaluation was performed by a study nurse. In addition, one of the study physicians evaluated each patient who was suspected of having an exacerbation. The examiner asked six questions regarding overall well-being, dyspnea, cough, sputum production, sputum viscosity, and sputum purulence. Emphasis was placed on grading three cardinal symptoms relative to the baseline: volume of sputum production, sputum purulence (color), and dyspnea. The patient was then evaluated with regard to overall appearance, respiratory rate, wheezes, and rales. On the basis of this information, a clinical determination of whether the patient was clinically stable or was having an exacerbation was recorded. Each patient brought an expectorated sputum sample produced the morning of the clinic visit.
Bacteriologic methods. An equal volume of dithiothreitol (Sputolysin; Calbiochem, La Jolla, Calif.) was added to the sputum sample, and the sample was mixed by vortexing and incubated at 37°C for 15 min. Cultures were performed by plating aliquots of the sputum samples onto blood agar and chocolate agar plates. Identification of bacteria was done by standard techniques. The identity of an isolate as M. catarrhalis was confirmed by colony morphology and the presence of butyrate esterase by using the Catarrhalis Test Disk (Remel).
Serum and sputum supernatant samples. Blood samples were obtained by venipuncture and allowed to clot. Serum samples were obtained by centrifugation and stored at Ϫ80°C. After an aliquot of the homogenized sputum sample was removed for culture as described above, sputum supernatants were obtained by centrifugation at 27,000 ϫ g for 30 min at 4°C. The supernatants were saved by storage at Ϫ80°C. Preexacerbation serum and sputum samples were obtained approximately 4 weeks prior to the exacerbation (range, 2 to 8 weeks). Postexacerbation samples were obtained 4 to 8 weeks following the exacerbation. Serum samples from two patients in the present study were included in a previous study (24) .
Purification of recombinant OMP CD. The construction and method for purification of recombinant OMP CD containing a six-histidine amino-terminal tag have been described previously (26) . This plasmid (pCDSA), which expresses an OMP CD of M. catarrhalis strain 25240, was engineered to remove the histidine tag, yielding plasmid pLP137. To express recombinant OMP CD which lacks a histidine tag, Terrific broth supplemented with 0.3 mg of carbenicillin per ml was inoculated with various dilutions of Escherichia coli containing plasmid pLP137 and the culture was incubated overnight. The next morning, an aliquot of culture with an optical density at 600 nm (OD 600 ) of Ͻ1.0 was diluted to achieve an OD 600 of 0.05 and this dilution was used to inoculate 50 ml of broth. The culture was grown to an OD 600 of 1.0, and IPTG (isopropyl-␤-D-thiogalactopyranoside) was added to a final concentration of 1 mM. After 10 min, rifampin was added to a final concentration of 0.15 mg/ml and the culture was incubated for an additional 3 h. Cells were harvested by centrifugation at 6,000 ϫ g for 15 min at 4°C. The pellet was suspended in 25 ml of phosphatebuffered saline (PBS) containing 1% Triton X-100. The cell suspension was sonicated six times for 10 s each time with a Branson sonicator with a medium tip at a setting of 7. Inclusion bodies containing recombinant OMP CD were collected by centrifugation at 45,000 ϫ g for 20 min. The resulting pellet was suspended in 4 ml of 0.1 M Tris (pH 8) containing 6 M urea and rocked for 2 h at 4°C. The suspension was centrifuged to remove particulate material. The supernatant contained solubilized OMP CD.
The recombinant OMP CD was diluted with an equal volume of 0.2% Triton X-100 in water to yield a buffer consisting of 0.05 M Tris (pH 8), 3 M urea, and 0.1% Triton X-100 (buffer A). The solution was applied to a TMAE column (Fractogel EMD TMAE 650(s); EM Industries, Inc., Gibbstown, N.J.) equilibrated in buffer A. The column was washed with 95% buffer A-5% buffer B (buffer B is buffer A plus 0.5 M NaCl). Recombinant OMP CD was eluted with 80% buffer A-20% buffer B. The eluted protein was then dialyzed against PBS containing 0.1% Triton X-100. Coomassie blue staining and silver staining of aliquots of purified OMP CD subjected to polyacrylamide gel electrophoresis revealed a single band and the absence of detectable lipooligosaccharide.
Immunoassays with recombinant OMP CD purified from both plasmids, including pCDSA which contains an amino-terminal histidine tag and pLP137 which has no histidine tag, yielded identical results with selected human samples in this study.
Construction and purification of fusion peptides of OMP CD. Two new constructs were made in pGEX4T3 (Promega Corporation, Madison, Wis.) for this study by using previously described methods (24) . Plasmid Px1-261 contained a fragment of the gene that encodes amino acids 1 through 261, and plasmid Px261-427 contains a fragment of the gene that encodes amino acids 261 through 427. Peptides corresponding to six selected regions spanning the gene which encodes OMP CD were expressed as glutathione S-transferase (GST) fusion proteins and purified as previously described (24) .
ELISA. Wells of a 96-well microtiter plate (Immulon 4; Dynatech) were coated overnight at room temperature with 1 g of recombinant OMP CD per ml in 0.1 M sodium carbonate-0.1 M sodium bicarbonate (pH 9.6). The wells were washed three times between each step with PBS containing 0.05% Tween 20 (PBSTween). The wells were blocked by adding 3% nonfat dry milk in PBS-Tween and incubating them at room temperature for 1 h. After the wells were washed, serum or sputum supernatant diluted in 1% nonfat dry milk in PBS-Tween was added to the wells and they were incubated at 37°C for 2 h. To measure serum IgG bound to OMP CD, horseradish peroxidase-conjugated rabbit anti-human IgG (Kirkegaard & Perry Laboratories, Gaithersburg, Md.), diluted 1:3,000 in 3% goat serum, was added to the wells and the wells were incubated for 1 h at room temperature. To measure sputum supernatant IgA bound to OMP CD, horseradish peroxidase-conjugated rabbit anti-human IgA (Kirkegaard & Perry Laboratories), diluted 1:3,000 in 3% goat serum, was used. After the wells were washed, color was developed by adding 0.1 mg of 3,3Ј,5,5Ј-tetramethylbenzidinedimethyl sulfoxide-0.02% hydrogen peroxide per ml in 0.1 M sodium acetate adjusted to pH 4.5 with citric acid. After 15 min of incubation, the reaction was stopped by the addition of 4 N H 2 SO 4 . The OD 450 was read.
All samples were run in duplicate. A negative control included wells coated with OMP CD and assayed with buffer instead of serum. A second negative control was run with each sample. Wells were sham coated with buffer instead of OMP CD, and the wells were assayed with each dilution of serum. The values determined for these wells were subtracted from the values obtained with the wells assayed with OMP CD for each dilution of serum and sputum supernatant. To control for day-to-day variability in assays with serum samples, duplicate wells were coated with OMP CD and assayed with a serum known to yield a specific OD. Assay results in which the value of this control differed by Ͼ15% from the predicted value were excluded. The percent change in OD between the preexacerbation samples and postexacerbation samples for each dilution was calculated with the following formula: [(OD of postexacerbation serum) Ϫ (OD of preexacerbation serum)/(OD preexacerbation serum)] ϫ 100.
Adsorption of serum samples with whole bacterial cells. All adsorption assays were performed with the homologous patient isolate of M. catarrhalis. A volume of 50 ml of brain heart infusion broth was inoculated with colonies from an agar plate and grown with shaking to late logarithmic phase (OD 600 , ϳ0.75). Bacteria were harvested by centrifugation at 1,000 ϫ g for 15 min at 4°C. After being washed once with PBS, the pellet was suspended in 1 ml of serum diluted 1:10 in PBS containing 0.15 mM CaCl 2 and 0.5 mM MgCl 2 and incubated for 30 min at 4°C. Bacteria were removed by centrifugation at 16,000 ϫ g for 10 min at 4°C. The supernatant was filter sterilized and saved at 4°C.
RESULTS
Characteristics of clinical samples. As part of a prospective study, M. catarrhalis was isolated from sputum samples collected during 21 exacerbations in 18 adults with COPD over a 4-year period (2) . In previous work, new IgG was detected in 12 of the 21 postexacerbation serum samples by using a wholecell ELISA with the homologous infecting isolate in each assay (2) . These 12 sets of samples were analyzed in the present study for the presence of antibodies to OMP CD.
In addition to the 21 exacerbations, 19 episodes of colonization (defined as isolation of M. catarrhalis from sputum during clinically stable periods) in 16 adults with COPD were identified over the same 4-year period. New serum IgG to the homologous isolate was detected by a whole-cell ELISA in serum samples obtained after clearance of the strain from the sputum following 6 of the 19 episodes of colonization. These 18 sets of serum samples (12 from exacerbations and 6 from colonizations) from patients who developed new serum IgG to M. catarrhalis were the samples used in the present study to characterize the serum IgG response to OMP CD.
To study the development of new mucosal IgA to OMP CD, paired sputum supernatants from the same set of patients were studied. Sputum supernatants were available from 13 of the 21 exacerbations and from 15 of the 19 episodes of colonization. These 28 pairs were assayed for IgA to OMP CD.
Serum IgG response to OMP CD determined by ELISA. To determine whether some of the new antibodies in samples from patients who developed new serum IgG to M. catarrhalis in a whole-cell ELISA were directed at OMP CD, an ELISA using purified recombinant OMP CD as the antigen was performed. To determine the cutoff value for a significant percent change in serum IgG levels between samples, 12 pairs of control serum samples collected 2 months apart from subjects in the COPD Study Clinic who had never been colonized with M. catarrhalis were subjected to ELISAs with purified recombinant OMP CD. These paired control serum samples demonstrated a 6.89% Ϯ 5.77% (mean Ϯ standard deviation) change when tested with purified OMP CD. A change in OD of 21.75% represented the upper limit of the 99% confidence interval for the control samples. Therefore, any change in OD of Ͼ21.75% between pre-and postexacerbation or pre-and postcolonization serum samples was regarded as a significant change. Figure 1 shows that when serum samples collected 1 month before infection or colonization and 1 month following infection or clearance of colonization were tested, new serum IgG to OMP CD was detected in 9 of 18 sets of the samples. These 9 samples included 6 of the 12 exacerbation samples and 3 of the 6 samples from episodes of colonization.
Proportion of new serum IgG directed at surface-exposed epitopes of OMP CD. To determine whether any of the new serum IgG antibodies to OMP CD were directed at epitopes on the bacterial surface, adsorption experiments were performed. Aliquots of serum were adsorbed with logarithmicphase cells of the homologous infecting isolate of M. catarrhalis. An ELISA to detect antibodies to OMP CD was performed simultaneously on aliquots of adsorbed and unadsorbed serum. To assess the specificity of the adsorption method, an aliquot of each serum sample was adsorbed with logarithmic-phase cells of E. coli HB101 (an irrelevant control bacterium in these studies) and an ELISA with OMP CD as the antigen was performed with the aliquots of unadsorbed and E. coli-adsorbed serum. The mean Ϯ standard deviation of the adsorption value obtained for the nine serum samples adsorbed with E. coli was 2.2% Ϯ 7.14%. A change of 20.6% in the percent adsorption value represented the 99% confidence interval for these control values. Therefore, a change in the percent adsorption of Ն20.6% was considered significant. Figure 2 shows the results of assays using the nine postinfection or postcolonization serum samples adsorbed with their homologous strains of M. catarrhalis. Six of the nine serum samples showed a significant reduction in IgG to OMP CD following adsorption with whole bacterial cells, indicating that at least a proportion of the antibodies to OMP CD were directed at epitopes which are exposed on the bacterial surface.
Identification of epitopes recognized by human serum IgG. To elucidate the important parts of the OMP CD molecule with regard to the human antibody response, GST fusion peptides representing the amino-terminal 261-amino-acid portion of OMP CD and the carboxy-terminal 166-amino-acid-portion of OMP CD were engineered, expressed, and purified. Ongoing studies of the structure of OMP CD indicate that the 261 amino acids in the amino region of the molecule contain a beta-barrel structure followed by a hinge motif. The two constructs include regions of the protein upstream and downstream of the hinge motif. Immunoblot assays were performed with each set of the pre-and postexacerbation and pre-and postcolonization serum samples. Figure 3 shows the results of four such pairs with the GST construct that includes amino acids 261 through 427. Five of the nine serum samples showed the development of new antibodies to an epitope(s) on the carboxy-terminal 166 amino acids of OMP CD, as indicated by the appearance of a new band in the postexacerbation serum sample or by an unequivocal increase in the intensity of the band compared to that of the preexacerbation serum sample (Fig. 4) . Two of the nine sets of serum samples showed the development of new antibodies to the amino-terminal 261 amino acids (Fig. 4) .
In an effort to further identify the portions of OMP CD recognized by human antibodies, a series of six GST fusion proteins spanning OMP CD were purified as previously described (24) . The peptides ranged in size from 37 to 105 amino acids. Aliquots of the nine postexacerbation and postcolonization serum samples which showed new IgG to OMP CD were studied in immunoblot assays with each GST fusion peptide and recombinant OMP CD. Four of the serum samples showed reactivity with selected constructs, and five of the serum samples contained no detectable antibodies to the six smaller GST fusion proteins in the immunoblot assay. Each of the four serum samples that contained antibodies to GST fusion peptides in the immunoblot assay were tested with their corresponding preexacerbation sera to determine whether these antibodies were made in response to infection. In all four cases, the antibodies to the fusion peptides were present in the preexacerbation sera, indicating that these were preexisting antibodies. Based on these results, we conclude that new antibodies formed to OMP CD recognize conformational epitopes which are not present in fusion proteins consisting of peptides that range in size from 37 to 105 amino acids.
Mucosal immune response to OMP CD. In previous work, ELISAs performed with sputum supernatants on whole bacterial cells showed a high degree of variability (2) . To determine whether ELISAs with sputum supernatants against purified OMP CD would reliably measure IgA, six paired sputum supernatants recovered 2 months apart from study clinic patients who had never been colonized with M. catarrhalis and who were not having exacerbations were studied as negative controls. None of the 12 samples had detectable IgA to OMP CD. To further assess the reliability of the assays, a sputum supernatant in which IgA was detected was run on each plate to control for day-to-day variability. Analysis of the OD 450 results Twenty-eight paired sputum supernatants, including 13 from patients with exacerbations and 15 from patients with colonization, were assayed for IgA by ELISA with OMP CD. Three pairs from the exacerbation group showed increases in levels of IgA to OMP CD of 227, 147, and 113% from pre-to postexacerbation. None of the pairs from the colonization group showed increases. Four additional sets of sputum supernatants (two from exacerbations and two from colonizations) had detectable IgA to OMP CD but showed no change from pre-to postexacerbation. Of the three patients who developed new IgA to OMP CD in their sputa following exacerbation, two also developed new IgG to OMP CD in their sera and one did not.
DISCUSSION
Adults with COPD who experience respiratory tract infections due to M. catarrhalis develop serum IgG and mucosal IgA responses following infection (2, 6, 8, 9) . In addition, children develop serum and mucosal antibodies to M. catarrhalis following otitis media (11, 12, (19) (20) (21) . The goal of the present study was to elucidate the immune response specifically to OMP CD, a highly conserved protein on the bacterial surface, by using serum and sputum samples collected prospectively from a well-characterized population of patients with COPD. Whole-cell ELISAs were performed on paired serum samples following 21 exacerbations and 19 episodes of colonization due to M. catarrhalis (2) . Eighteen of these episodes were associated with the development of new serum IgG to the homologous isolates, and these 18 sets of serum samples were used in the present study. Nine of the 18 (50%) developed new serum IgG to OMP CD. An important consideration in assessing the potential protective capacity of antibodies is to determine whether or not the antibodies are directed at epitopes that are exposed on the bacterial surface. Antibodies which bind to the intact bacterial cell have the potential to opsonize, mediate bactericidal killing, or block adherence, whereas antibodies directed at epitopes that are not available on the bacterial surface are unlikely to mediate such protective immune responses. Adsorption assays to determine the proportion of antibodies to OMP CD directed at epitopes that are exposed on the surface of the intact bacterium revealed that serum samples from six of the nine patients who developed new serum IgG contained antibodies to surface epitopes on OMP CD (Fig. 2) .
In an effort to identify the portions of the OMP CD molecule to which human antibodies bind, fusion peptides corresponding with two regions of OMP CD separated by a hinge motif were constructed and tested in an immunoblot assay. Five of the nine patients developed new IgG to the carboxy region of the molecule in their sera, and two developed new IgG to the amino region of the protein in their sera (Fig. 4) . To further address this question, six fusion peptide constructs ranging in size from 37 to 105 amino acids that spanned the OMP CD molecule were engineered and tested in an immunoblot assay with serum samples from the nine patients who developed new serum IgG to OMP CD. Postexacerbation serum samples from four patients contained IgG to fusion peptides as noted previously (24) . Interestingly, although antibodies to the smaller fusion peptides were detected in postexacerbation serum samples from four patients, the antibodies were also present in the corresponding preexacerbation serum samples. Therefore, none of the nine patients showed evidence of new antibody responses to the six constructs in the immunoblot assay in spite of the unequivocal development of new serum IgG to OMP CD determined by ELISA. Furthermore, three patients had no evidence of new antibodies to the two larger constructs in the immunoblot assay in spite of new antibody detected by ELISA (Fig. 4) . These results are consistent with the development of antibodies that recognize conformational epitopes on OMP CD. We conclude that human antibodies that are formed in response to M. catarrhalis infection recognize conformational epitopes on OMP CD, particularly in the carboxy region of the protein.
M. catarrhalis is a mucosal pathogen, suggesting that mucosal immune responses may be important in protection against infection. Previous work with this patient population revealed that a mucosal immune response detected by flow cytometry with sputum supernatant occurs following infection in many patients and that the mucosal immune response occurs independently of the systemic immune response (2) . Three of 28 pairs of sputum supernatants showed the development of new antibodies following exacerbations. One must be cautious in drawing firm conclusions about the frequency with which adults with COPD develop mucosal immune responses to OMP CD because of the inherent limitations in studying sputum samples. Sputum supernatants show more variability in results and a higher background in ELISA than do serum samples. This observation is likely due to several factors, including the quality of the sputum sample, contamination of sputum with saliva to various degrees, loss of some antibodies during centrifugation, proteolytic degradation of antibodies in the samples, and other factors. We conclude that some adults with COPD make new mucosal IgA to OMP CD following exacerbations, but we cannot draw conclusions about the frequency of this immune response.
M. catarrhalis is an exclusively human pathogen, which emphasizes the importance of using human samples to elucidate the immune response to the bacterium. Several surface antigens of M. catarrhalis have been identified as targets of the human immune response, including UspA1, UspA2, CopB, TbpB (OMP B1), LbpB, OMP E, and lipooligosaccharide (2-5, 7, 8, 16, 34, 42) . The present study establishes that OMP CD is one of the surface antigens to which human antibodies are directed following infection and colonization with M. catarrhalis. Christensen (8) and Mathers et al. (21) demonstrated the development of new antibodies to a 60-kDa band following M. catarrhalis infection in children and adults. These observations are consistent with the development of antibodies to OMP CD, since the apparent molecular mass of OMP CD as determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis is ϳ60 kDa.
A key question generated by this study showing a human immune response to OMP CD is whether these antibodies are capable of protecting against infection and/or colonization. Recurrent exacerbations caused by the same strain of M. catarrhalis have not been observed in the COPD Study Clinic (our unpublished observations), suggesting that protective immune responses occur following exacerbations. Bactericidal antibodies in serum are associated with protection against infection by nontypeable Haemophilus influenzae (10, 37) . No such correlation has been observed for M. catarrhalis. Indeed, serum samples from patients in the COPD Study Clinic do not have bactericidal activity for the clinical isolates of M. catarrhalis in our hands. The present study demonstrates that adults make new antibodies to OMP CD epitopes which are present on the bacterial surface. Such antibodies may be capable of opsonizing M. catarrhalis or blocking adherence to mucosal surfaces. Prospective studies will allow conclusions regarding the protective capacity of these antibodies to be drawn. It is not possible to draw conclusions regarding the protective capacity of antibodies to OMP CD from the present study because of the relatively small number of patients studied.
OMP CD has many characteristics indicating that it may be an effective vaccine antigen. The present study establishes that OMP CD is a target of a human systemic and mucosal immune response. Future work will address whether inducing an immune response to this highly conserved surface protein will be protective.
